The eastern mudminnow Umbra pygmaea (DeKay, 1842) originates from the eastern part of the United States of America and was transferred to Europe already at the beginning of the 20th century. This paper summarizes the current distribution in Europe and adds an extended dataset of eastern mudminnow records in Flanders (Belgium). The core of the Eur opean distribution seems to be the southeast of The Netherlands and the northeast of Flanders. Eastern mudminnow is established in lotic waters in Flanders and was found on 76 locations over the last 15 years. Neutral pH and high oxygen concentrations positively correlate with the presence of eastern mudminnow. The abundance of U. pygmaea decreases significantly with an increase of the number of fish species. The length-frequency distribution shows a peak at 7.0 cm and total length of U. pygmaea specimens varies between 3.4 and 13.7 cm. The overall length-weight relationship for all U. pygmaea specimens in Flanders shows a positive allometric growth. Fulton's condition factor for all eastern mudminnow specimens caught in Flemish rivers is 1.22. Assessment of U. pygmaea on its potential invasiveness in Flanders results in a low to medium risk.
Introduction
North America is together with Asia the most important donor region for fish introductions in Europe (Lehtonen 2002) . Also in Flanders (Belgium), five out of 14 introduced fish species have a North American origin (Verreycken et al. 2007) . One of these species is the eastern mudminnow Umbra pygmaea (DeKay, 1842) ( Figure 1 ) which is a freshwater fish of the family Umbridae. This small family consists of four freshwater species in two genera (Kottelat and Freyhof 2007) : the monotypic genus Novumbra with the Olympic mudminnow Novumbra hubbsi Schultz, 1929 and the Umbra genus containing the European mudminnow Umbra krameri Walbaum, 1792 and two North American species namely the central mudminnow Umbra limi (Kirtland, 1840) and the eastern mudminnow.
The native North American range of U. pygmaea (Figure 2 ) includes the Atlantic and Gulf slopes from southeastern New York (including Long Island) to St. Johns River drainage in Florida and west to Aucilla River drainage in Florida and Georgia, USA (Froese and Pauly 2009) .
The eastern mudminnow was introduced to Europe (France, Belgium, Germany and The Netherlands) in the early 20th century (Welcomme 1988; Lehtonen 2002; Froese and Pauly 2009) . Despite the long period since its first introduction in Europe, to date these introduced populations have hardly been studied. The objectives of this paper were to: a) summarize the distribution of U. pygmaea in Europe and examine its current distribution in Flanders (northern half of Belgium), b) analyze the length-weight and length-frequency relation, and occurrence of this fish species in relation to other fish species and abiotic parameters in order to assess population dynamics and c) assess the potential invasiveness of the Flemish population.
Methods
To reconstruct the introduction history of U. pygmaea in Europe, historical and recent data were acquired from various published and 'grey' literature sources (e.g. reports, books, personal communications and manuscripts). Data for The Netherlands were obtained from 'NatuurBank Limburg' (database of the Natuurhistorisch Genootschap Limburg) and the 'Atlasproject Vissen in Noord-Brabant' (database of Stichting RAVON, Bureau Natuurbalans-Limes Divergens BV Nijmegen and several other organisations). Recent fish data for Flanders were extracted from the online Vis Informatie Systeem database (VIS 2009 ) of the Research Institute for Nature and Forest (INBO), which compiles data from fisheries surveys undertaken between 1993 and 2008 at over 2100 locations (on rivers, canals and stagnant waters) throughout Flanders. Most locations were sampled twice or more in this period to be able to evaluate fish stock changes. All fishes were caught with electric fishing gear or fyke nets. After identification, of most fish specimens, total length (TL) to the nearest mm and wet weight to the nearest 0.1 g were measured at the sampling sites and after measurements the fish were returned to the water.
In this study, a subset of 275 sampling sites in sub-basins where U. pygmaea is present (number of sites with eastern mudminnow = 76, see Figure 4 ) was used to examine the relation between the presence of U. pygmaea with other species and other parameters (temperature, turbidity, O 2 , pH, river width and depth, water velocity, conductivity).
Of the 1510 individuals of eastern mudminnow caught, 968 specimens were individually weighed and measured. Individuals with an observed weight that diverged more than 50% from the expected weight (W') (n = 34) calculated from the length-weight relationship W'=aL b (where L is observed TL, a is the regression intercept and b is the regression slope) were discarded from the dataset as they were probably mistakes. The discarded data were randomly distributed over the sampling sites and their removal therefore does not bias the results.
Length-weight relationships and lengthfrequency distributions were calculated for 934 specimens. Logarithmic transformations of the length and weight generally provide a linear relationship suitable for expressing length and weight in fishes. Data on the sex of the fish were not available, the length-weight relationship for males and females however does not seem to differ significantly in native populations (Panek 1981) nor in introduced populations (Dederen et al. 1986 ). Fulton's condition factor (K Fulton = 100W/L 3 ) for U. pygmaea was calculated on the whole Flemish dataset. Relative condition factors for eastern mudminnow from the different river zones were calculated using K rel = W/W' where W = observed weight and W' = expected weight (Le Cren 1951), calculated using the lengthweight conversion produced from all specimens. K rel values >1 or <1 indicate that the individual is in better or worse condition, respectively, than the average individual of the same TL range. K rel can also be used to compare body condition in between populations of the same species. Each sample site was assigned to a river typology ('bream', 'barbel' and 'upstream') on the basis of the river width combined with the slope according to Huet (1949) and Breine et al. (2004) . The 'bream zone' has the lowest water velocity due to the largest river width and no steep slope while the 'upstream zone' has the highest water velocity due to the smallest width and the steepest slope. 'Barbel zone' is intermediate between the 'bream' and the 'upstream zone'. Each of these zones has its characteristic fish fauna (Huet 1949) .
The relation between the presence of U. pygmaea and other parameters (number of species, temperature, turbidity, O 2 , pH, river width and depth, water velocity, conductivity) was analysed using a Generalized Linear Mixed Effect Model in TIBCO Spotfire S-Plus 8.1 for Windows (Insightful 2007) . Variation in lengthweight relationships, condition factors for subpopulations of different river zones and relative and absolute abundance of eastern mudminnow in relation to the number of species present were tested with a Tukey HSD test in Statistica 8 (StatSoft 2008) . Relative abundance was defined as 100× the number of mudminnows divided by the number of all specimens of all fish species at a site and absolute abundance as numbers of individuals caught per 100 m continuous electrofishing of a river stretch.
To assess the potential invasiveness of eastern mudminnow in Flanders, two risk analysis tools were used: the Freshwater Fish Invasiveness Scoring Kit or FISK developed in the UK (Copp et al. 2005 (Copp et al. , 2008 ) and the Belgian ISEIAprotocol (Branquart 2007) .
FISK is an adaptation of the Weed Risk Assessment by Pheloung et al. (1999) . It uses 49 questions in eight categories (Domestication, Climate and Distribution, Invasive elsewhere, Undesirable traits, Feeding guild, Reproduction, Dispersal mechanisms, Persistence attributes) and takes into account the confidence (certainty/uncertainty) ranking of the assessors. FISK scores range from −11 to 54 and it originally classified non-native species into "low risk" (score <1), "medium risk" (1≤ score ≤6), "high risk" (score >6) classes (Copp et al. 2005 ). In Copp et al. (2008) , the threshold of ≥19 was introduced to discriminate between invasive and non-invasive species and the high risk class with scores between 6 and 19 was reclassed into "medium risk". This way FISK is able to distinguish accurately (and with statistical confidence) between potentially invasive and non-invasive species of non-native fishes.
The ISEIA protocol (Branquart 2007 ) assesses the potential of non-native species for spreading and colonising natural habitats as well as the adverse impacts on native species and ecosystems. It uses ten questions in four categories (Invasiveness, Impact on species, Impact on ecosystems and Invasion stage) to assign invasive alien species to an alert, watch or black list. High impact species present in Belgium are on the black list while those with a moderate or unknown impact are included in the watch list. The alert list consists of high impact species present in neighbouring countries but not yet recorded in Belgium. Low impact species are not included in a list. The ISEIA protocol uses invasion histories documented in peer-reviewed publications and in scientific reports from Belgium and neighbouring areas rather than the species' intrinsic attributes.
Results

Distribution in Europe
In Europe, the eastern mudminnow was introduced in six countries namely Germany, Belgium, The Netherlands, France, Poland and Denmark. Figure 3 shows the past and current European distribution. Kottelat and Freyhof (2007) only mention the first five countries while Lehtonen (2002) Wolter (2009) attributes the occurrence of the eastern mudminnow in the river Oder (northeast Germany) to escapes from (aquaculture) experiments in ponds with North American fish species by Max Von dem Borne at the end of the 19th century. Also Nijssen and de Groot (1987) suspect that eastern mudminnow was introduced in The Netherlands around 1900. It was probably used in aquaculture ponds in Valkenswaard and spread through dispersal from there. Vooren (1972) reviewed the introduction as moderately successful only in the Netherlands and Belgium, although France and Germany were mentioned as 'receiving countries'. Guidou and Keith (2002) point out that the naturalisation of the eastern mudminnow in some sites in Belgium is the origin of the introduction in the Marne in the 1970-80s. At that time the majority of ponds in Argonne were exploited by Belgian pisciculturists who have unintentionally spread U. pygmaea in several ponds there. The core of the current distribution of the eastern mudminnow in Europe is the southeastern part of The Netherlands (provinces Limburg and Noord-Brabant) and the northeast of Flanders (provinces Antwerpen and Limburg). The distribution in The Netherlands completely links up with the distribution range in Flanders and together they form the largest distribution area of U. pygmaea outside its native range.
In Table 1 we provide more information on the European distribution for each country including possible pathways, year of first introduction and first record, number of unique sites with eastern mudminnow, distribution range and main references.
Distribution in Flanders
Detailed information on the distribution of U. pygmaea in Flanders is shown in Figure 4 and coordinates are given in Annex 1. In 76 locations, 1510 specimens were recorded during fish stock assessments with numbers caught per sampling effort (100 m continuous electrofishing on one site on a certain day) ranging from 0.2 to 644.0 individuals/100m (28.8 % between 0.1-1.0 ind./100m, 51.2 % between 1.1-10.0 ind./100m, 17.6 % between 10.1-100.0 ind./100m and 2.4 % between 100.0-1000.0 ind./100m). All sampled locations with U. pygmaea were located in the northeast of Flanders belonging to three of the eleven river basins in Flanders: Demer, Nete and Meuse basins. 
Population characteristics of the Flemish population
Length-frequency distribution The length-frequency distribution of all captured and measured individuals (n = 934) of the riverine Flemish population is given in Figure 5 . Total length (TL) varied between 3.4 and 13.7 cm and the length histogram showed a peak at 7.0 cm.
Length-weight relationships
The overall length-weight relationship for all U. pygmaea specimens in Flanders was W=0.0075L 3.243 or log 10 W = -2.127+3.243log 10 L (n = 934, r² = 0,966, confidence interval (-95%, +95%) log a = -2.160 and -2.093, confidence interval (-95%, +95 %) b = 3.204 and 3.282). Table 2 shows, for each river with a mudminnow population ≥20 specimens, the para-meters a and b, and the coefficient of determi-nation (r²) of the length-weight relationship. All regressions were significant (p<0.05). The sampled rivers are shown on Figure 4 . (Figure 6 ).
Environmental conditions
In Table 3 mean values (with minimum and maximum) of the environmental parameters (units see Table 3 ) conductivity, mean depth of the river, pH, water velocity, water temperature and dissolved oxygen are shown for sample occasions with and without U. pygmaea. At the sampling sites with U. pygmaea mean pH and mean water temperature were significantly lower and mean dissolved oxygen and mean conductivity significantly higher than at sites without this fish species.
Only pH and dissolved oxygen explained the presence versus absence of U. pygmaea (Genera- 
Impact of eastern mudminnow in Flemish rivers
Co-inhabiting fish species At all sites where eastern mudminnow was caught the average fish assemblage consisted, in relative number of specimens, mainly of gudgeon Gobio gobio (Linnaeus, 1758) (18.2 %), three-spined stickleback Gasterosteus aculeatus Linnaeus, 1758 (16.6 %), topmouth gudgeon Pseudorasbora parva (Temminck & Schlegel, 1846) (10.7 %), stone loach Barbatula barbatula (Linnaeus, 1758) (10.6 %), pumpkinseed Lepomis gibbosus (Linnaeus, 1758) (8.4 %), roach Rutilus rutilus (Linnaeus, 1758) (7.7 %), gibel carp Carassius gibelio (Bloch, 1782) (6.4 %), eastern mudminnow (6.1 %) and brook lamprey Lampetra planeri (Bloch, 1784) (3.5 %). The other species represented each less than 2 % and together 11.7 % of the numbers caught at these sites. Figure 7 presents the occurrence of fish species (in %) at sample occasions with fish in the subset of 275 sampling sites in sub-basins where U. pygmaea is present. Co-inhabiting species that were present in more than 40 % of the sample occasions where mudminnows were found are gudgeon, three-spined stickleback, nine-spined stickleback Pungitius laevis (Cuvier, 1829), stone loach, roach, eel Anguilla anguilla (Linnaeus, 1758) and pumpkinseed.
Ruffe Gymnocephalus cernua (Linnaeus, 1758), pikeperch Sander lucioperca (Linnaeus, 1758), bullhead Cottus sp., spined loach Cobitis taenia Linnaeus, 1758, respectively caught on 16.1, 6.6, 6.4 and 4.3 % of the sample occasions, together with eight others fish species (occurring in very low percentages) ( Figure 7) were never recorded together with eastern mudminnow.
Mudminnows occurred in communities with as few as one species (U. pygmaea itself) and as many as 19 fish species. Both the relative abundance of eastern mudminnow (regression y = 174.8 x -1.94 , p < 0.05, r² = 0.616) and the log 10 absolute abundance (regression log 10 y = 0.848 -0.366 log 10 x, p < 0.05 but r² = 0.038) were inversely related to the number of species present. There was no significant correlation between the numbers of eastern mudminnow and the numbers of fish predators (pike Esox lucius Linnaeus, 1758, pikeperch Sander lucioperca (Linnaeus, 1758) and perch Perca fluviatilis Linnaeus, 1758 > 20 cm) in a sample site in Flemish lotic waters.
Impact assessment of eastern mudminnow
Mean score for eastern mudminnow in Flemish lotic waters using the Freshwater Fish Invasiveness Scoring Kit (FISK) (applied by two Belgian assessors) was 14, placing the species in the 'medium risk' category (Copp et al. 2008) .
Eastern mudminnow was not allocated to one of the lists (alert, watch or black list) of the ISEIA protocol (Branquart, 2007) ; with an ISEIA score of 8 (out of 12) it was not considered invasive.
Discussion
Distribution
Despite the fact that U. pygmaea was already introduced into Europe in the early 1900s, their current presence is confined to six countries Belgium, Denmark, France, Germany, Poland and The Netherlands. The distribution of the eastern mudminnow in most of these countries seems to be limited to one (Denmark) or a few localities (e.g. France, Poland). However the area which comprises the south-eastern part of The Netherlands and the north-eastern part of Belgium harbours eastern mudminnow in many localities (> 900) (this study) in waters with sometimes dense populations (Leuven et al. 1984) .
The recent extension of the non-native area to Denmark and Poland was mainly human mediated (use as live bait fish or as aquarium fish) but also in the other countries where it was introduced, dispersal was aided by human activities. In The Netherlands, acidification of shallow and lentic soft waters has had an important impact on their fish assemblages and has favoured the distribution and densities of the eastern mudminnow (Dederen et al. 1986, Leuven and Oyen 1987) . In moorland pools where U. pygmaea has little competition from other species, this fish may even play an important role as a top predator (Dederen et al. 1986 ). In Belgium, earthen fish culture ponds which are emptied every year, may act as a major source of mudminnow specimens for riverine populations. This theory is supported by the similar restricted distribution of other North American species of lentic waters like pumpkinseed and brown bullhead Ameiurus nebulosus (Lesueur, 1819) in this area (Verreycken et al. 2007 ). Also, Guidou and Keith (2002) point out that U. pygmaea was unintentionally spread to several ponds in the Argonne (Marne region, France) in the 1970-80s by Belgian pisciculturists, who at that time exploited the majority of the ponds in this region. Crombaghs et al. (2000) suggest that the colonization of upper parts of rivers by new individuals of eastern mudminnow is facilitated by the flooding of adjacent lentic waters.
After the initial dispersal following its introduction (Burny, 1984) , distribution of the Flemish populations of eastern mudminnow remained relatively unchanged in the 1980s and 1990s (Vandelannoote et al. 1998 ) and also over the last decade changes in frequency of occurrence (presence or absence) and abundance were very small (Verreycken et al. 2007) . Therefore it seems likely that eastern mudminnow will remain part of the Flemish ichthyofauna and that its distribution area probably will not change dramatically.
Population characteristics
Length-frequency distribution The total length of the mudminnows caught in rivers in Flanders ranged from 3.4 to 13.7 cm. This is in agreement with length data recorded in its native range (TL min. 2.4 and max. 12.3 cm; 263 specimens (Panek 1981) ) and in other areas of its introduced range. Froese and Pauly (2009) mention 15 cm TL for Germany and Kottelat and Freyhof (2007) 12 cm SL for Europe as maximum lengths. Guidou and Keith (2002) report minimum and maximum length of the Marne population (France) as 4.1-9.9 cm (595 specimens) without specifying what type of length was measured (total, fork or standard length; note that total and fork length are equal in U. pygmaea because of its convex tail). Dederen et al. (1986) use 'body length' (presumably for TL) and found a maximum body length (451 specimens) of 12.7 and 8.6 cm for females and males respectively for the Dutch population. Although the maximum total length recorded in Flemish waters exceeds those from most neighbouring countries and from its native range, it fits in with the arithmetically determined ultimate length for the Dutch populations (16.0 ± 2.3 cm, Dederen et al. 1986 ).
The length-frequency distribution ( Figure 5 ) suggests natural reproduction in lotic waters of Flanders (or at least in adjacent, connected lentic water bodies), but smaller specimens are less prominently present than can be expected in natural fish populations. Also in Dutch streams and brooks, Crombaghs et al. (2000) notice hardly if any juveniles or subadults and suggest that the eastern mudminnow not or barely reproduces in these waters, which they explain by the presence of predators.
Length-weight relationship
In literature, length-weight relationships of U. pygmaea in its introduced and even its native range are rare. We therefore include in Table 1 the length-weight relationship of eleven rivers in northeast Flanders (minimum 20 specimens per stream). As our data were collected in the framework of the Flemish Freshwater Fish Monitoring Network and not for the purpose of this study, unfortunately the collection of the data on a stream did not always occur in the same season as recommended by Froese (2006) .
The overall length-weight relationship for all U. pygmaea specimens in Flanders is W=0.0075L 3.243 as compared to the Dutch population (W=0.0034L 3.55 , Dederen et al. 1986 ). When compared to the mean a and b of the populations of eleven streams with a mudminnow population ≥20 specimens (Table 2; a=0.0081±0.0013 std. err.; b=3.214±0.060 std. err.) we found a significant difference for constants a (p <0.01) and b (p <0.001) in The Netherlands and Flanders. This may be a consequence of the different sample sites types (lentic waters in the Netherlands versus lotic waters in Flanders). Prediction would be that individuals from riverine populations would be more slender-bodied (e.g. pumpkinseed populations (Brinsmead and Fox 2002) ) than from lacustrine populations, reflected by a different a and b in the length-weight relationship. However also other factors (e.g. pH, alkalinity, water conductivity) may play an important role here. For instance, water conductivity (as a surrogate of water productivity (Copp 2003) ) was very different between the two sample regions. Dederen et al. (1986) collected their fish at conductivities between 0-383 µS cm -1 while eastern mudminnows in our study were sampled at a mean conductivity of 394 µS cm -1 (min 127-max 1245 µS cm -1 ).
Condition K Fulton for all U. pygmaea individuals from Flemish rivers together was 1.22±0.006 st.err., however no other K Fulton -values from native or introduced populations of eastern mudminnow were available for comparison. K rel for different river zones 'bream', 'barbel' and 'upstream' was respectively 0.98, 1.00 and 1.05. Contrary to what one would expect of a species which prefers lentic waters (Kottelat and Freyhof 2007) , the relative condition factor of the 'upstream' zone (highest water velocity due to small river width combined with a steeper slope (Breine et al. 2004) ) is significantly higher than K rel of the 'barbel' (p <0.01) and the 'bream' zone (p <0.001). To best compare the condition of fish from different waters, data should be from fish of the same length, age, and sex; and should have been collected on the same date (or at least the same season). The ratio, highest K rel for 'upstream', then 'barbel' and 'bream', however goes for the total dataset as well as for the data divided up by season. More research is needed to elucidate the cause for these contradictory results.
Environmental parameters Eastern mudminnow occurs in Flemish rivers in a broad range of environmental parameters (Table 2) . Surprisingly eastern mudminnow was captured at a mean water velocity of 0.53 m s Poll 1949; Dederen et al. 1986 ) already reported on the exceptional adaptation skills of this species to extreme temperatures, oxygen contents and pH. U. pygmaea was therefore in The Netherlands also found in a wide range of conditions and habitats. However, Crombaghs et al. (2000) were able to define the preferred biotic and abiotic parameters in river systems of the Netherlands. Wider ditches (4 to 5 m) deeper than 0.5 m with a sandy or muddy substrate and low water velocity (<0.30 m s -1 with about 40 % of the observations <0.05 m s -1 ) characterise the habitat where eastern mudminnow was mainly found. On these sites often dense vegetation was present. In our study, only high oxygen contents and a neutral pH (=7) were positively correlated with the presence of eastern mudminnow in Flemish rivers.
Impact of eastern mudminnow in Flemish lotic waters
Eastern mudminnow is mainly considered as harmless (Froese and Pauly 2009 ). This fish species however has proven to reproduce in the wild and can become established (i.e. form selfsustaining populations) in countries where it was introduced (Table 1) . Spread potential seems low (Crombaghs et al. 2000) and is probably limited by the presence of piscivorous fish species (Dederen et al. 1986 ), the latter however could not be confirmed in this study. Its slow dispersal in Europe since its introduction, except for human aided dispersal (e.g. Guidou and Keith 2002) , and its confined distribution seem to confirm its low spread potential. On the other hand U. pygmaea has a great potential to colonise a broad range of habitats (Crombaghs et al. 2000, this study) , which advantages this species to extend its distribution range in extreme habitats (Dederen et al. 1986 ). Especially in ditches with dense vegetation or in waters without other fish species (e.g. acid moorland pools) where viable and very dense populations of eastern mudminnow can occur (Leuven et al. 1984; Crombaghs et al. 2000) . In these habitats they may be considered as high impact species since they may play a significant role as a top predator there (Dederen et al. 1986 ). Vooren (1972) reported that eastern mudminnow also predates on larvae of amphibians.
Co-inhabiting species Consistent with Panek (1981) (for native populations), we find that the (relative) abundance of eastern mudminnow is inversely related to the number of fish species present. Dederen et al. (1986) concluded that the abundance of mudminnows was inversely related to the presence of predatory fish species. The impact of the presence of U. pygmaea on other (indigenous) fish species is hard to evaluate as many factors influence the fish species composition and diversity and accurate data of fish assemblages of rivers before the introduction of eastern mudminnow are very rare.
Co-inhabiting species that are present in more than 40 % of the sample occasions where mudminnows were found are gudgeon, three-and nine-spined stickleback, stone loach, roach, eel and pumpkinseed (Figure 7 ). These species are representatives of both rheophilic (e.g. gudgeon, stone loach) and eurytopic fish groups (e.g. roach, three-spined stickleback) (van Emmerik 2003) . The eurytopic eastern mudminnow (van Emmerik 2003) indeed inhabits a broad range of habitats. Crombaghs et al. (2000) also reported nine-spined stickleback, three-spined stickleback and tench Tinca tinca (Linnaeus, 1758) to be present in >40 % of the sites where mudminnows have been found, with stone loach and gudgeon both at around 35 % of the sites, which largely corresponds to our findings. Species like ruffe, pikeperch and bullhead were each present in more than five percent of the sample occasions (ruffe even >16 %) but were never recorded together with U. pygmaea. This study also shows that eastern mudminnow is a substantial part of the fish fauna in rivers of northeast Flanders and is capable of maintaining viable populations there.
Impact assessment
To assess the potential impact of eastern mudminnow in Flemish lotic waters two different tools were used. FISK, when applied by Belgian assessors, placed this species in the 'medium risk' category of becoming invasive (score of 14) while eastern mudminnow was not allocated to one of the lists of the ISEIA protocol and thus considered non-invasive. Copp et al. (2008) however allocated U. pygmaea to the high risk category (score of 24.0) of potentially invasive species. The paucity of (peer-reviewed) publications on the introduced range and the ecological impact of the eastern mudminnow may explain the differences in outcome of the assessors (UK versus Belgium) and of both assessment tools as the results are probably mainly based on expert judgement. The few publications that deal with the ecological impact (and distribution) of eastern mudminnow are mainly about extreme habitats where this fish can occur in high densities and often is the only fish species present. Answers from the Belgian assessors in the risk assessment were based on their knowledge of the distribution and impact of U. pygmaea in lotic waters in Flanders with low densities of this fish. In these rivers it seems appropriate that U. pygmaea is categorized as a species with "low to medium risk" of becoming invasive.
In summary, this preliminary research provides some basic data about the Flemish eastern mudminnow population in Flanders. There certainly exists a need for more research on this species in its introduced range e.g. life history traits like fecundity, age and growth data and food preference in lotic water systems. Also a genetic survey of the different U. pygmaea populations in Europe could teach us more about the history and source of its introduction.. As the heart of the non-native distribution range comprises the southeast of The Netherlands and the northeast of Flanders, the use of combined data from both areas could be the basis of a more profound research of this introduced species. 
